Introduction {#s0005}
============

Multimorbidity (i.e. the presence of multiple chronic conditions) has been associated with numerous adverse outcomes, including greater risk of disability, hospitalization, and death (see review by [@bib23]). Most studies of multimorbidity have focused on older adults, despite the high prevalence of chronic illnesses among non-elderly individuals. An analysis of the 2012 National Health Interview Survey (NHIS) showed that approximately 25% of US adults age 18+ have multiple chronic conditions ([@bib52]). Among adults ages 45--64, 18.5% had 2 chronic conditions, and 13.8% had 3 or more chronic conditions ([@bib52]). Trend data indicate that the co-occurrence of chronic conditions among the non-elderly has increased in recent years ([@bib51]). These findings all suggest that studying multimorbidity among non-elderly adults is important for researchers who wish to understand chronic disease burden in populations.

Understanding multimorbidity at earlier stages of the life course is important for a number of reasons. Early and middle adulthood are periods often marked by exposure to change and psychological stress in numerous social domains ([@bib18]; [@bib20]). During these developmental periods, individuals typically handle often demanding and conflicting social roles as they manage careers, romantic partnerships, parenthood, and caring for older relatives ([@bib13], [@bib26]). Strain from managing these multiple social roles could increase vulnerability to chronic illnesses, or it could make the management of existing chronic conditions more difficult.

Studying multimorbidity early in the life course also has implications for health service delivery. Because existing health care delivery models are often specialized and disease-specific, managing multiple chronic conditions is often difficult and inefficient ([@bib47]). Identifying individuals with multimorbidities early in the life course may allow for the development of integrated, comprehensive services to assist individuals in the earliest stages of disease. This could ultimately make disease management less burdensome and more efficient in the long term.

Understanding multimorbidity at younger ages also allows for the development of health behavior interventions early in the disease process when they are most likely to be effective. For example, improvements in physical activity can lower blood pressure ([@bib9]) and improve glucose control ([@bib6]), which can decrease risk of cardiovascular disease and/or diabetes-related complications ([@bib16], [@bib39]). Some forms of physical activity, however, may be more difficult for older adults due to greater frailty and/or more functional disability at advanced ages (frailty: [@bib12]; functional disability: [@bib44]) Thus, targeting behavior-related interventions to individuals at younger ages may prove more effective in reducing disease burden and progression.

We are particularly interested in how socioeconomic status (SES) is associated with multimorbidity earlier in the lifecourse. Low SES has been linked to greater occurrence of numerous individual chronic conditions, including hypertension ([@bib50]) heart disease ([@bib42]) diabetes ([@bib5]) and asthma ([@bib8]). This relationship may reflect inequities in access to health care, engagement in fewer health promoting behaviors, and/or more stress-related risk factors that contribute to chronic disease ([@bib8]). The relationship between low SES and multimorbidity, however, has not been consistently demonstrated. While international work among older adults has shown that higher education is associated with less multimorbidity ([@bib24]; van den Akker, Buntinx, Metsemakers, Roos & Knottnerus, 1998), research by [@bib43] found that higher education was not consistently associated with less multimorbidity among an older adult sample in the United States. Further, research in this area is not exhaustive. In general, studies that have focused on the relationship between SES and multimorbidity have either been based on non-U.S. samples ([@bib24], [@bib31]), included individuals identified primarily from healthcare settings ([@bib36]), focused on respondents who were near retirement or post-retirement ([@bib2], [@bib31]; [@bib43]) or failed to control for important demographic characteristics linked to either SES or multimorbidity, such as marital status, age, and gender ([@bib51], [@bib52]). This is the first well-controlled U.S. population-based study to consider the relationship between SES and multimorbidity early in the life course. We seek to determine if lower SES will be associated with higher multimorbidity, as has been observed in previous studies of individual chronic illnesses and in international studies of multimorbidity in older adults.

We use educational attainment as our primary measure of socioeconomic status, as it is a commonly used indicator of SES in the United States. While several measures of SES are utilized in health research (e.g. income, occupation), there are several reasons to focus on education ([@bib40]). Education logically precedes and determines both occupation and income ([@bib38]). Further, educational attainment can be determined for all individuals, including those who may not have an occupation or income (e.g. homemakers, retired persons, those who engage in non-traditional labor; [@bib40]). Most importantly, chronic health problems that develop in adulthood usually do not affect educational attainment, since most education is complete by early adulthood. Occupation and income, on the other hand, can be greatly impacted by the onset of health problems in adulthood, thus creating reverse causation issues (Angus Deaton, 2002; Smith, 1999; Smith, 2004). Although we primarily focus on educational attainment in our analyses, we do control for other indicators of SES, including household income, employment status, and home ownership.

We are also interested in the association between race and multimorbidity. While race and education are correlated, they have been independently associated with numerous health outcomes ([@bib19]; [@bib53]). Beyond SES, racial differences in health may reflect cultural differences in health practices ([@bib3]) or greater psychological distress associated with perceived or experienced discrimination ([@bib17], [@bib53]). In the United States, racial/ethnic disparities persist across most major chronic conditions ([@bib46]). Data from the 2010 NHIS showed that among adults aged 18--44, 8.8% of Non-Hispanic Black men and 11.7% of Non-Hispanic Black women had two or more chronic conditions, compared to only 6.4% of Non-Hispanic White men and 8.9% of Non-Hispanic White women ([@bib51]). That analysis, however, did not control for education or other potential confounding variables, such as time since last doctor\'s visit, marital status, or gender. A study of Non-Hispanic Black, White, and Mexican adults aged 51 and older also indicated racial/ethnic disparities in multimorbidity, as Blacks had consistently greater multimorbidity over an 11-year period when compared to Whites. Mexican Americans, however, had lower multimorbidity prevalence and incidence over the same period than both Non-Hispanic Blacks and Non-Hispanic Whites ([@bib35]). We are interested in whether similar relationships between race and multimorbidity exist earlier in the life course, even after controlling for socioeconomic indicators.

We address our research questions using cross-sectional data from the 2002--2014 waves of the National Health Interview Survey (NHIS), a large, nationally-representative survey of community-dwelling U.S. adults. Because we are interested in studying individuals before retirement age, we restrict our analyses to adults ages 30--64 who provided information on both educational attainment and chronic health status at the time of interview.

Methods {#s0010}
=======

Data {#s0015}
----

This is a cross-sectional study based on person-level data collected in the National Health Interview Surveys (NHIS) from 2002 to 2014. The NHIS is an ongoing annual household health survey conducted through face-to-face interviews by U.S. Census Bureau interviewers. The NHIS uses a complex multistage stratified sampling design to obtain a sample representative of the civilian non-institutionalized U.S. population. We obtained the data through the Integrated Health Interview Surveys (IHIS), a consolidated source of NHIS data compiled by the Minnesota Population Center ([@bib54]). Since a major redesign in 1997, the basic set of health and sociodemographic questions (the Core) have remained the same from year to year. The Core comprises family information on every member of the household and additional information like health conditions for a random subsample of one adult per family (the Sample Adult Core). The unconditional Sample Adult response rate declined over time from 74% in 2002 to 61% in 2013 ([@bib28], [@bib29], [@bib30]).

The analytic sample was selected from the Sample Adult Core and defined as adults aged 30 to 64 at the time of the interview who provided valid education information and reported at least one chronic condition. Fewer than 1% (1806 individuals) of adults in the 30--64 age range were missing education information, so their exclusion from the analysis sample is unlikely to bias results. The lower age boundary of 30 years represents a threshold below which over 15% of adults (age 18--29) are still enrolled in school ([@bib27], [@bib33]). The upper boundary is the typical age of transition to retirement; moreover, excluding older adults considerably reduces bias due to selective mortality ([@bib22], [@bib56]). Jointly, these age boundaries define working-age adults with mostly completed schooling. To focus on multimorbidity, we further restricted our analyses to respondents with at least one chronic condition, in order to minimize variation in the models attributable to differences in health care treatment for those with and without chronic diseases (N=115,097).

Variables {#s0020}
---------

### Multimorbidity {#s0025}

We used information on 9 self-reported health conditions or problems that were collected continuously and identically since 2002 to define multimorbidity. The measures were comparable with those used in a previous study of multimorbidity in NHIS ([@bib51]), but we included additional measures that have been considered in other studies of multimorbidity ([@bib34]). The health conditions were based on respondent self-report of a having ever been told by a doctor that they have each condition, including asthma, arthritis, heart disease (including angina pectoris, heart attack, coronary heart disease, and 'other' heart disease), stroke, chronic obstructive pulmonary disease (COPD; including emphysema and chronic bronchitis), hypertension, cancer, diabetes, and kidney failure (weak or failing kidneys during the past 12 months). Multimorbidity was defined as having two or more conditions. The reference category, as noted above, was respondents with one condition.

### Educational attainment {#s0030}

Information about schooling was collected as the highest completed grade up to 12th grade and as educational credentials for those who completed at least high school. During the interview, respondents were handed a card with a list of educational categories and asked to select the one that best represented their highest completed level. We categorized education as less than high school completion, high school diploma or some college including an associate degree, and a bachelor degree or higher. The lowest attainment category (less than high school) included the GED, which previous studies have found comparable to high school dropout level in terms of health outcomes ([@bib55]).

*Race/ethnicity* was categorized as Non-Hispanic White (reference), Non-Hispanic Black, Hispanic, and Non-Hispanic Other .

### Additional covariates {#s0035}

We incorporated key demographic measures to account for potential confounding by these variables. Age was measured in years and centered on the sample mean of 46 years. We adjusted for age because multimorbidity prevalence increases steeply across age ([@bib51]). The sex of the respondent was defined as male (reference) vs. female. Evidence from existing literature has shown marital status as a correlate of chronic disease ([@bib45]; [@bib37]). Here it was defined as married (reference), living with partner, single, separated/widowed/divorced, and unknown. Models also included the region of residence (Northeast as reference, Midwest, South, and West), given variation in particular chronic diseases (i.e. hypertension) across the U.S. ([@bib32]). We also controlled for whether the respondent was born in a foreign country, as the "healthy migrant hypothesis" suggests that immigrants to the United States experience better health outcomes than U.S. born individuals in part because healthier people may be more likely to migrate than less healthy people ([@bib25]). This effect has been tested in several studies ([@bib15]; [@bib21]). Further, we control for the time since last doctor\'s visit (within the past year as reference, 1--2 years ago, 2--5 years, more than 5 years, or never), as more frequent utilization of ambulatory and primary care services has been previously associated with both higher SES ([@bib1], [@bib10]) and fewer chronic conditions ([@bib49]). Interview year was included as continuous and was centered on the grand mean of 2008. We also included additional measures of socioeconomic status, including employment status categorized as employed (reference), unemployed, and not in labor force, home ownership as owner (reference) or renter, and household family income categorized in tertiles (highest tertile as reference). For the latter three variables, we also included category for "unknown/missing" for individuals who did not answer the question.

Analysis {#s0040}
--------

Descriptive characteristics, including means and standard errors for continuous variables and frequencies and standard errors for categorical variables, were calculated first. Next, we estimated a set of logistic regression models of multimorbidity versus one condition as a function of select covariates: the first model included education plus basic demographics; the second model included race/ethnicity and basic demographics. The third model joined education and race/ethnicity. Finally models 4 and 5 also controlled for other correlates of health, including marital status), time since the respondent last saw a doctor, Census region where the respondent lived at the time of the survey, and whether the respondent was born in the United States. The potential confounding by age, sex, and interview year was controlled in all models. All analyses were performed in Stata 14.1 and all descriptive and regression estimations were adjusted for the complex sampling design of NHIS ([@bib14]) using the svy suite in Stata, resulting in estimates representative of the non-institutionalized United States population.

Results {#s0045}
=======

Sample characteristics {#s0050}
----------------------

The final analysis included 115,097 adults age 30--64 with at least one chronic condition. Of these, 23.7% had 2 or more chronic conditions. In [Table 1](#t0005){ref-type="table"}, we provided demographic measures for those with 1 or 2+ conditions. Those with 2+ conditions were more likely to have less than a college credential, to be Non-Hispanic Black, slightly older, widowed or divorced/separated, live in the south region of the country, and to have seen a doctor within the past year. Those with 1 condition were more likely to have a college credential or more, report being Hispanic or other race/ethnicity, be married or never married, live in the northeast or the west, were foreign born, and report their last doctor visit as being 1+ years prior.Table 1Sample Characteristics, US adults 30--64, NHIS 2002--2014 (n=115,097).Table 11 condition2+ ConditionsProportion with multimorbidity23.7%      EducationLess than HS credential13.7%20.2%HS or some college54.6%57.8%College credential or more31.7%22.1%      RaceNH White73.8%73.6%NH Black12.6%15.1%Hispanic9.5%8.1%Other4.0%3.2%      Basic control variablesAge -- mean (s.e.)47.7 (.04)52.1 (.05)Female54.1%57.1%Interview year- mean (s.e.)2008.1 (.02)2008.3 (.02)      Marital statusMarried54.5%48.7%Widowed3.4%6.0%Divorced/separated24.3%30.0%Never married17.4%15.0%Marital status unknown0.4%0.3%      Region of residenceNortheast18.3%16.8%Midwest24.4%25.2%South36.4%39.4%West20.9%18.6%Foreign-born12.4%8.4%      Last doctor visitWithin the past year86.5%93.7%1--2 years ago6.2%2.7%2--5 years ago3.6%1.4%5 or more years or never3.6%2.2%[^1]

Logistic regression results {#s0055}
---------------------------

Results of the models of multimorbidity (2+ vs 1 conditions) are shown in [Table 2](#t0010){ref-type="table"}. Compared to having a bachelor degree or higher, having less than a HS credential (OR=2.16, 95% CI = 2.07--2.26) or having a HS credential/some college (OR=1.54, 95% CI = 1.49--1.59) were associated with increased odds of multimorbidity, controlling for age, gender, and interview year (Model 1). Model 2 examined the association between race/ethnicity and multimorbidity, controlling for age, gender, and interview year. When compared to Non-Hispanic Whites, Non-Hispanic Blacks had greater odds of multimorbidity (OR=1.30, 95% CI = 1.25--1.35), while Hispanics (OR=0.96, 95% CI = 0.92--1.00) and Non-Hispanics of other race/ethnicities had lower odds of multimorbidity (OR=0.86, 95% CI = 0.79--0.92).Table 2Odds Ratios and 95% Confidence Intervals of Multimorbidity on Select Predictors, NHIS 2002--2014, Adults 30--64 with one or more conditions (n=115,097).Table 2Model 1Model 2Model 3Model 4Model 5OR95% CIOR95% CIOR95% CIOR95% CIOR95% CIEducation (College degree = ref.)LT HS credential2.162.07,2.262.212.11,2.312.272.16,2.371.581.50,1.66HS or some college1.541.49,1.591.531.48,1.591.521.47,1.581.321.27,1.37                      Race/Ethnicity (NHW = ref.)NH Black1.301.25,1.351.201.15,1.251.151.10,1.201.071.02,1.11Hispanic0.960.92,1.000.800.77,0.841.061.00,1.111.010.95,1.06Non-Hispanic Other0.860.79,0.920.890.82,0.961.161.07,1.251.111.03,1.21Age1.051.05,1.061.051.05,1.061.051.05,1.051.051.05,1.051.051.05,1.05Female1.171.14,1.201.161.13,1.201.161.13,1.201.101.07,1.131.031.00,1.06Interview Year1.011.01,1.021.011.01,1.011.011.01,1.021.011.01,1.021.011.00,1.01                  Region of residence (NE =ref.)Midwest1.111.07,1.161.111.07,1.16South1.131.09,1.181.121.07,1.16West1.020.97,1.060.990.95,1.04Foreign-born (US-born = ref.)0.630.60,0.670.630.59,0.66                  Marital status (married/living with partner = ref.)Widowed1.261.18,1.341.101.03,1.18Divorced/separated1.291.25,1.331.161.12,1.20Never married1.181.14,1.241.040.99,1.08Unknown0.740.59,0.940.710.56,0.90                  Last Dr. visit (within 1 year = ref.)1--2 years ago0.420.39,0.450.430.40,0.462--5 years ago0.360.32,0.400.350.31,0.395+ years or never0.530.49,0.580.520.47,0.57                  Employment (empl. = ref.)Unemployed1.181.10,1.26Not in labor force1.831.77,1.90N/A1.130.71,1.82                  Home owner (owns = ref.)Rents1.191.15,1.24N/A1.141.05,1.25                  Family income (high tertile = ref.)Bottom tertile1.451.38,1.53Middle tertile1.111.07,1.15N/A1.051.00,1.11Adjusted F \[39\]4063.53280.33948.93931.23938.1[^2]

Model 3 tested the independent effects of education and race/ethnicity on multimorbidity. When entered into a single model controlling for age, gender, and interview year, both variables demonstrated independent associations with multimorbidity. Compared to those with at least a college degree, adults with less than a high school degree (OR=2.21; 95% CI=2.11--2.31) and those with a high school degree/some college (OR= 1.53; 95% CI=1.48--1.59) had higher odds of multimorbidity. Further, Non-Hispanic Blacks had greater odds of multimorbidity than Non-Hispanic Whites (OR=1.20; 95% CI=1.15--1.25) while the odds of multimorbidity were lower for Hispanics (OR=0.80; 95% CI=0.77--0.84) and Non-Hispanics of other races (OR=0.89; 95% CI=0.82--0.96).

Models 4 and 5 of [Table 2](#t0010){ref-type="table"} include additional covariates that we considered as potential mediators of the associations shown in Models 1--3. In Model 4, we accounted for other demographic measures, including region of residence, foreign-born status, and marital status, as well as time since the last doctor visit to address health care utilization. The association between education and multimorbidity remained largely unchanged or was even strengthened, while the difference between Non-Hispanic Blacks compared to Non-Hispanic Whites was weakened. The results for Hispanics and Non-Hispanics of other races reversed direction: The odds of multimorbidity were significantly lower for Hispanics and non-Hispanics of other races in previous models while in Model 4 they became higher for Hispanics (OR=1.06, 95% CI=1.00--1.11) and Non-Hispanics of other races (OR=1.16, 95% CI =1.07--1.25), compared to Non-Hispanic Whites. In Model 5, we accounted for three additional measures that have been used in existing literature to reflect socioeconomic status \-- employment status, home ownership, and family income. While the magnitudes of the effects were smaller, the associations between multimorbidity and both education and race/ethnicity were consistent with Model 4.

Discussion {#s0060}
==========

Our study suggests that lower educational attainment is associated with increased odds of multimorbidity in a U.S. population-based sample of adults ages 30--64. Specifically, individuals with less than a high school degree as well as those with a high school degree or some college demonstrated greater multimorbidity than their counterparts with at least a bachelor\'s degree. This finding is consistent with previous studies showing that less education is linked to numerous individual chronic conditions ([@bib5]; [@bib8]; [@bib42]; [@bib50]). It is also consistent with work from European samples that have evaluated links between SES and multimorbidity and found a consistent negative correlation ([@bib24], [@bib31]; van den Akker, Buntinx, Metsemakers, Roos & Knottnerus, 1998). Importantly, the links between education and multimorbidity persisted after controlling for a host of covariates, including age, marital status, gender and race/ethnicity. This suggests the other factors likely mediate the association of education with multimorbidity. Having limited education may contribute to poorer social conditions (e.g. employment without sufficient and affordable health insurance, lower income, unsafe housing and neighborhood conditions) and/or greater psychological stress (Ross & Wu, 1995). Both may result in poorer health practices (e.g. physical inactivity, unhealthy diet, low use of preventive care services), which may in turn increase chronic disease risk (Ross & Wu, 1995). Future studies should explore potential mediators.

We also observed that race/ethnicity was associated with multimorbidity. In all models, Non-Hispanic Blacks demonstrated greater odds of multimorbidity than Non-Hispanic Whites This finding is also consistent with existing literature. [@bib51] descriptively showed that a greater proportion of Non-Hispanic Blacks had two or more chronic conditions than Non-Hispanic Whites aged 18--44 and 45--64 using 2010 NHIS data. This analysis, however, did not control for education or other demographic indicators. In our sample, the relationship between Non-Hispanic Black ethnicity and multimorbidity persists even after controlling for education and other sociodemographic characteristics. This suggests that other factors are potential mechanisms through which racial/ethnic differences in multimorbidity operate. These may include cultural differences in health practices or social support, greater psychological stress due to perceived discrimination, poorer mental health, or other factors not explored here. Future studies should explore factors that mediate this association.

Associations between race/ethnicity and multimorbidity among Hispanics and Non-Hispanics of other races were more complex. In initial models evaluating the association between race/ethnicity and multimorbidity, we observed that Hispanic adults and Non-Hispanics of other races had decreased odds of multimorbidity when compared to Non-Hispanic Whites. This finding is consistent with work from [@bib35] in which Mexican Americans had a lower multimorbidity burden compared to Whites. In our study, these effects were even stronger when controlling for education. Previous studies suggest a Hispanic paradox in epidemiological research, with Hispanics often having health outcomes comparable to or better than those of Non-Hispanic Whites, even when education and other socioeconomic factors are considered ([@bib7]; [@bib25]). Many researchers propose that this paradox is confounded by immigrant status, as the healthy migrant hypothesis suggests that healthier individuals are more likely to immigrate to the United States than their less healthy counterparts ([@bib25]). Our findings seem to support this, as the association between race/ethnicity and multimorbidity among Hispanics does not persist after controlling for foreign-born status.

While our findings contribute to this relatively recent body of work around multimorbidity across the life course, they should be interpreted in context. The NHIS is a nationally representative sample that allows a population-level examination of correlates of multimorbidity. The cross-sectional nature of the data, however, limits our ability to make causal interpretations of the findings. Our work represents a snapshot of the associations between social factors like race/ethnicity and education with multimorbidity. Longitudinal studies and studies of long-term outcomes like mortality are needed to understand the true consequences of multimorbidity identified early in the life course. Further, our multimorbidity measure is not without limitations. We used a dichotomized variable based on an unweighted count of self-reported measures that did not account for the severity, complexity, or duration of the chronic conditions studied, a standard approach that has been used in other studies of multimorbidity ([@bib31]; [@bib35]; [@bib43]; [@bib48]; [@bib51]). The self-reported measures lack clinical precision, but likely indicate the conditions that most influence the respondent\'s daily life. Several measures, including those that categorize multimorbidity by organ system ([@bib11]), use weighted indices to account for disease complexity and severity ([@bib41]), or incorporate numerous conditions based on clinical data have been used in the study of multimorbidity ([@bib11]) could possibly be differentially associated with education level. Only recently has the collection of socioeconomic data become more common in clinical data sources and population level data with diagnostic information comparable to clinical data are few. Future work, using national data sources like the National Health and Nutrition Examination Surveys, may allow for more nuanced multimorbidity measures in nationally representative data that incorporate both clinical indicators and self-reports of diagnosed conditions. Ideally, data should capture the clinical severity of the condition, details regarding disease severity, complexity, and treatment choices and burdens that affect the individual. Other clinical data sources, including administrative insurance claims data, for example, may also provide an alternative type of data source for multimorbidity research, particularly if extensive sociodemographic and health behavioral data are also available. Further, the absence of diagnosed mental illness in the NHIS limited our ability to account for mental illness in our analyses. Finally, our study may not capture the complete role of education in multimorbidity. In these analyses, education is operationalized into broad categories, and data reflecting educational quality is not available in the NHIS. Previous research suggests that educational quality may vary with race/ethnicity, ([@bib4]) and thus may be an underlying component of education that contributes to the observed relationship between race/ethnicity and multimorbidity among Non-Hispanic Blacks and Whites. Future studies should consider education quality as a factor.

Although our study has some limitations, it has significant merits. We utilized a population-based sample of U.S. based non-elderly adults to address independent associations of race/ethnicity and education with multimorbidity in a non-clinical population. Additionally, we controlled for a host of covariates not considered in previous studies of race/ethnicity and socioeconomic status with multimorbidity, including foreign born status, region, and time since last doctor\'s visit. Further, we consider both education and race/ethnicity in the same model, which allowed us to test for the independent associations of these variables with multimorbidity.

Epidemiologic and demographic research on the burden of multimorbidity among non-elderly adults is limited, but warrants renewed attention given the potential for *long-*term significant loss in quality of life, financial productivity, and well-being for non-elderly adults. Identifying sociodemographic characteristics that are associated with multimorbidity early in the life course is crucial for understanding (and ultimately reducing) the burden of multimorbidity as the U.S. population continues to age.
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[^1]: Descriptives were adjusted for NHIS complex sampling design. Standard errors for each of the estimates in [Table 1](#t0005){ref-type="table"} are less than 0.0003.

[^2]: Models adjusted for complex sampling design of the 2002--2014 NHIS; OR= Odds ratio; CI=Confidence interval; LT HS=less than high school; NHW=Non-Hispanic White; NH= Non-Hispanic; NE=Northeast; Div=Divorced; Empl=Employed.
